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ELECTRIC RAILWAY ENGINEERING
direct current than with alternating current. The results of the
exhaustive studies of the Swiss Railway Commission seem to
confirm in a general way Murray's claim, although they do not
check his figures. Taking into account this decrease in the
||	amount of energy required and the lower power factor of the
alternating current systems it will be seen that for a given weight
of traffic carried, the capacity of the power station equipment is
practically the same for all systems.
Transmission Lines.—No material difference exists between
the systems in regard to transmission, so long as three-phase
transmission is adopted. The costs of these lines for all systems
are therefore practically identical. In the comparatively few
installations where single-phase transmission might be adopted,
the design and construction of the line is simplified by the use of
two wires in place of three, but for a given power transmitted
and a fixed efficiency of transmission the cost of copper in the
three-phase system is 25 per cent. less. This will usually more
than balance the added installation and maintenance cost of the
third wire.
Substation.-—In the design of the substation is found one of
the most marked variations in the systems. As explained in
a previous chapter, the direct current system requires the in-
stallation of transformers, synchronous converters or motor
generators and switchboards in the substation, whereas the alter-
nating current systems call for the transformers and automatic
control switches only. This not only greatly reduces the first cost
and maintenance in the latter systems, but eliminates the services
of an attendant. The elimination of this converting equipment
will be found from the tables listed on page 382 to lower the first
cost of a single-phase substation to 27 per cent, and 37.5 per cent,
of the 600 volt and 1200 volt substations respectively, while the
"operating costs are reduced respectively to 26.2 per cent, and
58.2 per cent, of the direct current substations. This is not
clear gain on the part of the single-phase system, however, as it
is partially balanced by the increased cost of rolling stock in the
latter system.
In the relatively few instances in which the increase in dis-
tribution voltage in the single-phase system is sufficient to permit
the economical transmission for the entire length of the line at
trolley potential, the substation cost and maintenance is not
only entirely eliminated, but the step-up transformers at the

